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The role of insects as pollen vectors of Audouinia capitata was studied. The frequency of insect visits to 
flowers and pollen load counts showed that small beetles (Nitidulidae) should be the best insect pollen 
vectors. Pollen dispersal by these beetles, however, was limited to short distances, which reduced their 
beneficial impact on the plants. It is suggested that poor pollen transfer may be one of the reasons for the 
scarcity of A. capitata. 
Insekte se rol as stuifmeelvektore van Audouinia capitata is ondersoek. Die frekwensie van insekbesoeke 
aan blomme en tellings van stuifmeelladings toon dat klein kewers (Nitidulidae) die mees effektiewe 
stuifmeelvektore behoort te wees. Stuifmeelverspreiding deur die kewers is egter beperk tot kort afstande 
waardeur die voordelige impak op die plant verminder word. Daar word voorgestel dat oneffektiewe stuif-
meeloordraging een van die redes vir die skaarsheid van A. capitata mag wees. 
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Introduction 
Audouinia capitata (L.f.) Brongn. (Bruniaceae) is listed as a 
'vulnerable' species (Hall & Veldhuis 1985). It is endemic 
to fynbos (the Capensis Region, Taylor 1978) and has a 
limited distribution (Figure 1). The species is important 
scientifically, being a primitive monotypic genus of an 
endemic Cape family, which also has potential as a horti-
cultural companion crop (Hall & Veldhuis 1985). 
Audouinia survives fires, which occur periodically in 
fynbos, by re-sprouting from ligneous rootstocks (Hall & 
Veldhuis 1985), as well as by seedling recruitment from 
soil-stored seed banks (de Lange, unpublished data). Flow-
ers are carried in a spike of small red florets. Audouinia is 
virtually self-incompatible. Only 0.13% seed-containing 
fruits were found following self-pollination, whereas a 
relatively high proportion (14.9%) of fruit contained seeds 
following cross-pollination of flowers (de Lange, unpublish-
ed data, in prep.). A pollen vector is therefore needed. Parisi 
(1985) also demonstrated the beneficial effect of cross-
pollination in Audouinia. . 
Populations of A. capitata vary in size from one to ca. 
500 individuals. Interpopulation distances are often large 
(0.5 - 70 km, Figure 1) and inter-plant distances within 
some populations vary from 0.5 to 20 m. 
In an attempt to establish reasons for the rarity of A. capi-
tata and to understand its ecology, this study aimed to 
establish which pollen vectors are active on the plant. The 
following questions were addressed: which insects visit A. 
capitata inflorescences; what pollen loads do these insects 
carry; and how far do they transport pollen? 
Materials and methods 
Study sites were located on the Cape Peninsula (Figure 1). 
All sites were in Upland Mixed Fynbos (Taylor 1984). 
Audouinia flowers from April to August, during the cold, 
wet winter months. To establish which insects visited inflor-
escences, random collections of insects were made on an ad 
lib basis during 1988 and at two-weekly intervals during 
1989. These collections were made under various weather 
conditions and at various times of day between 08:00 and 
18:00. Insects were collected in centrifuge tubes containing 
30 J.11 Kaisers glycerol gelatine (Merck) and 400 J.11 xylene. 
Pollen loads on these insects were washed off in the xylene 
using a vortex mixer, and then embedded into the glycerol 
gelatine pellet by centrifuging (MacGillivray 1987). Pellets 
were then mounted onto microscope slides and examined 
with a light microscope. Audouinia pollen grains are large, 
spherical and tri -colporate, and are easily distinguished from 
those of other species. Counts were made of both A. capi-
tata and of 'other' (foreign) pollen grains carried per insect. 
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Figure 1 Known distribution of A . capitata. 
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The proportion of the total number of insect individuals 
belonging to each taxon collected, was used as an estimate 
of the frequency of encounter of insect taxa. 
In an attempt to establish insect movement patterns on 
and between plants, observations were made of insect occur-
rence and activity on plants in close proximity to one 
another (± 1 - 2 m apart), sparsely distributed (> 5 m apart) 
and on isolated plants. These observations were made on a 
wind-still day between 10:00 and 15:30. Two isolated plants 
were monitored, two in the sparse population and four in a 
relatively dense population. Plants under observation were 
monitored every 20 min. This entailed counting the number 
of insects present in florets or on the plant at 20-min 
intervals. Only Nitidulidae were counted, but the behaviour 
of all insect taxa present was noted. 
Distances over which A. capitata pollen was transported 
by insects were determined by sweep-netting insects on cir-
cular transects around isolated plants at distances of 1, 2, 4, 
8 and 16 m. All insects collected at each distance were col-
lected in a vial containing Kaiser's glycerol gelatine and 
xylene, and pollen counts were made. Insects known to visit 
Audouinia inflorescences, and collected at each distance 
were counted, and the number of A. capitata pollen grains 
per insect calculated. Six to eighteen insects were found per 
transect. Insects which do not visit A. capitata florets or do 
not generally carry pollen (e.g. Cicadellidae) were excluded 
from these calculations. It was assumed that insects flying to 
the nearest next Audouinia would be encountered in the 
interstices between plants, as the plants sampled were al-
ways far from other plants (> 35 m). This is a possible 
weakness of the technique. 
Table 1 Taxa, pollen loads and frequency of encounter 
(F) of insects collected from Audouinia capitatafloretsa 
Taxon 
Coleoptera 
Nitidulidae 
Carpophi/us sp. 
Prill sp. 
Chrysomelidae 
Alticinae 
He10didae 
.i s Range .iF n F 
1988 246.1 302.1 
1989 4.0 2.5 
1988 124.9 135.6 
1989 43.2 98.7 
1 - 1260 
1-7 
0-503 
1 - 555 
1988 26.9 33.7 1 - 93 
5.1 18 
3.1 7 
0.0 21 
0.8 88 
0.35 
0.05 
0.40 
0.68 
1.6 7 0.13 
1989 26.7 29.9 2 - 60 5.0 3 0.02 
He/odes sp. 1989 107.7 149.3 18 - 280 0.3 3 0.02 
Buprestidae 
Sphenoptera sp. 1988 8.0 NA NA 4.0 0.02 
Curculionidae 1989 10.7 11.4 1 - 44 0.5 19 0.15 
Lepidoptera 
Psychidae 
Diptera 
Various 
Lauxaniidae 
Hymenoptera 
Formi ci dae 
Thysanoptera 
1989 5.0 NA NA 
1989 0.5 0.6 0 - 1 
1988 0.0 NA NA 
1988 3.1 2.6 1-5 
1989 9.3 2.3 8-12 
1989 1.5 0.7 1 - 2 
0.0 0.01 
0.5 4 0.03 
1.0 1 0.02 
3.8 4 0.08 
2.0 3 0.02 
1.0 2 0.02 
• .i = average number of A. capitata pollen grains; .iF = average number of 
'foreign' pollen grains; s = standard deviation; n = number of insects; 
NA = not applicable. 
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Additionally, percentages of seed-containing fruits in 
plants further than 10 m (n = 27) away from any other 
flowering plant were obtained. These were compared to per-
centages of seed-containing fruits in more closely spaced 
plants (n = 219) in each of five populations. For this 
investigation approximately 50 fruits were sampled just 
prior to natural dispersal from each of the 246 plants in-
volved in the comparison. All plants which had flowered in 
the preceding season were sampled in the relevant popula-
tions. 
Results 
Insect taxa collected, their pollen loads and frequency of 
encounter are listed in Table 1. Small pollen-feeding beetles 
(Coleoptera: Nitidulidae, Figure 2) carried most pollen and 
were most frequently encountered. Other beetles (e.g. Helo-
des sp., Helodidae) carried copious quantities of pollen but 
were not frequently encountered. Some flower visitors (Cur-
culionidae) carried little pollen and merely destroyed parts 
of florets. 
Insect numbers per inflorescence were low (Table 2), and 
the insects were generally sluggish. The various insect taxa 
behaved differently on the plants. Nitidulidae and Alticinae 
Figure 2 SEM micrographs of Pria sp. (Coleoptera, Nitiduli-
dae) with Audouinia capitata pollen. Notice that few pollen grains 
are carried, and that they are randomly stuck to the elytra and 
underside of the beetles. 
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Table 2 Average number of insects 
(Nitidulidae only) per Audouinia capi-
tata inflorescence in dense and sparse 
plant populations, and on isolated 
plants during the course of a daya 
Density 
Dense Sparse Isolated 
x 0.45 0.23 1.33 
SO 0.14 0.11 0.73 
n 11 15 13 
N 34 12 14 
• x = average nwnber of insects per observation; 
SO = standard deviation; n = number of observa-
tions; N = number of inflorescences observed per 
plant. 
entered florets and moved between florets, and also appear-
ed to move between plants. Curculionidae entered florets, 
where they fed on the corolla and possibly on pollen. Dip-
tera and Formicidae entered florets on occasion but general-
ly appeared to be casual visitors on the inflorescences. 
Insects appeared to carry pollen only short distances (Fig-
ure 3). Few individuals transported pollen any distance 
longer than 4 m. 
The comparisons between seed set in plants further than 
10 m from other flowering plants and seed set in plants 
closer than 10 m apart are shown in Table 3. It is clear that a 
separation of 10 m or more resulted in a decreased seed set. 
This substantiates the implications of insufficient transfer of 
pollen by insect vectors in the pollen dispersal experiment. 
Discussion 
Results obtained in this study indicated that insects were 
able to carry A. capitata pollen in varying amounts, and that 
certain insect taxa (Nitidulidae) visited the plants more 
frequently and carried higher proportions of A. capitata 
pollen than other insects. However, the amount of pollen 
carried by insects varied considerably, and it would appear 
that insects did not carry pollen for any great distances. 
This no doubt leads to limited gene flow within A. capi-
tata populations, and eliminates gene flow between popula-
tions. This may have contributed to possible microgeograph-
ic genetic differentiation in isolated populations (Price & 
Waser 1979). If A. capitata has adapted to localized 
conditions, short outcrossing might be beneficial under 
present conditions (Price & Waser 1979, Wright et al. 
1989). 
The low activity of insects on the plants might be attribut-
able to weather conditions. A. capitata flowers during the 
coldest time of year in the south-western Cape, and many 
rainy days occur at this time. It is possible that insects seek 
shelter in Audouinia florets, and are loath to move out into 
inclement weather conditions. A decrease in numbers of 
free-living insects on Protea species during the Cape winter 
has been documented (Wright & Giliomee 1990). 
The behaviour of insects on A. capitata plants as well as 
the variable amounts of pollen carried by them, suggest that 
they are unreliable pollinators of Audouinia, which is a self-
incompatible plant with a scattered population structure. 
Low pollinator efficiency, combined with other factors such 
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Figure 3 Number of A. capitata pollen grains per insect at dif-
ferent distances from isolated plants. 
Table 3 Average percentages seed set of individual 
Audouinia capitata plants further than 10m from the 
nearest flowering plant as well as of more closely spaced 
plants in five different populations 
Average percentage of seed-containing fruits· 
Plants > 10 m from nearest Plants < 10 m from nearest 
Populationb flowering plant 
SN 3.3 (=4) 
OB 6.1 (=3) 
SW 9.3 (=5) 
BE 6.5 (=6) 
RW 1.6 (=9) 
• n is the number of plants assessed per population. 
b See Figure 1 for population locations. 
flowering plant 
20.7 (n=69) 
11.8 (n=62) 
13.9 (=33) 
16.9 (n=53) 
10.0 (= 2) 
as incorrect burning practices (de Lange & Boucher. unpub-
lished data, in prep.) and inadequate sexual fertility (de 
Lange, unpublished data, in prep.), probably account for the 
scarcity of A. capitata. With reduction in population sizes 
and an increase in interpopulation distances, exchange of 
genetic material is limited, and in the case of isolated plants. 
little (if any) exchange of genetic material (and seed set) 
should be able to occur. 
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